The objective is to determine if pain and disability outcomes of patients treated with neural mobilisation differ for sub-classifications of low back and leg pain (LB&LP). Radiating leg pain is a poor prognostic factor for recovery in patients with LBP. To improve outcome, a new pathomechanism-based classification system was proposed: neuropathic sensitization (NS), denervation (D), peripheral nerve sensitization (PNS) and musculoskeletal (M). Seventy-seven patients with unilateral LB&LP were recruited. Following classification, all subjects were treated seven times with neural mobilisation techniques. A successful outcome was defined as achieving a minimal clinically important change in pain intensity (11-point numerical rating scale), physical function (Roland Morris disability questionnaire) and global perceived change (7-point Likert scale: from 1 = ''completely recovered'' to 7 = ''worse than ever''). The proportion of responders was significantly greater in PNS (55.6%) than the other three groups (NS 10%; D 14.3% and M10%). After adjusting for baseline differences, mean magnitude of improvement of the outcome measures were significantly greater in PNS compared to the other groups. Patients classified as PNS have a more favourable prognosis following neural mobilisation compared to the other groups.
Introduction
Leg pain is a common complaint in relation to low back pain (LBP), present in up to 65% of all patients with LBP [1] . Radiating leg pain is an important predictor of chronicity of LBP and an indicator of the severity of the disorder [2] , consequently patients with back and leg pain account for a disproportionate amount of the costs of medical care and disability compensation caused by LBP [3] .
Despite the array of randomised controlled studies investigating the effectiveness of various conservative treatments for LBP with or without leg pain, consensus regarding the effectiveness of many interventions has not been attained. Heterogeneity among study samples is one reason why randomised controlled trials often report conflicting results [4] . It follows that identifying more homogenous subgroups of patients would enable targeting each subgroup with the intervention most likely to be effective. Evidence of the validity of this concept is emerging, as studies are demonstrating that classificationbased treatment is more effective than non-classification management [5] .
There are numerous published classification systems for LBP. The majority are founded on biomedical classification paradigms, most frequently based on pathoanatomical rational for symptoms or simply on clusters of signs and A. Schäfer (&) symptoms without presumption of their relationship to pathoanatomical causes [6] . Although patients with back and leg pain are included in a number of these classification systems, none focus on patients who have pain that extends beyond the gluteal fold. There are two notable reliable classification systems that include patients with leg pain [7, 8] with established predictive validity [5] . However, these validation studies did not address validity in subjects with leg pain. Brennan et al. [9] demonstrated improved outcomes when treatment was matched to subjects' subgroups, defined as manipulation, stabilization and specific exercise according to criteria based on those proposed by Delitto et al. [7] . As patients with signs of nerve root compression were excluded from this study, no conclusions can be drawn about this group of patients. The effectiveness of McKenzie exercises based on directional preference has been examined in a well designed RCT that included subjects with leg pain. However, the presence or absence of leg pain was not a selection criterion and subjects with more than one neurological sign were excluded [10] . Consequently the results of these studies cannot be generalised to patients with leg pain with or without neurological signs.
Our classification system expands on the existing classification systems by focussing on neural-related leg pain while recognising that leg pain can also radiate from somatic structures. For patients with complex pain conditions related to nerve injury, it has been suggested that a mechanism based classification system may be most appropriate, as it provides a better understanding of the presenting complaint, along with direction for treatments which interact with specific neurophysiologic pain mechanisms [11] . Ours is the first classification system to apply this approach to low back and leg pain (LB&LP), taking into account central and peripheral pain mechanisms. We employed a judgemental method based on the clinical experience of the authors as well as a review of the relevant observational and experimental research literature to develop the classification criteria. The rationale for the classification system and the corresponding signs and symptoms for each of the groups has been presented in detail previously [12] .
Patients were classified according to the findings of simple clinical tests into four distinct categories: (1) neuropathic sensitization (NS) comprising major features of neuropathic pain with sensory sensitization such as allodynia, hyperalgesia and paroxysmal pain; (2) denervation (D) arising from significant axonal compromise with marked sensory and motor deficits; (3) peripheral nerve sensitization (PNS) arising from nerve trunk inflammation with marked nerve mechanosensitivity; and (4) musculoskeletal (M) with pain referred from non-neural structures such as the disc or facet joints (Fig. 1) . The classification system is hierarchical and mutual exclusive, that is, patients who fit the criteria for the first category are assigned to that category regardless of whether they meet the criteria for one of the categories further down the hierarchy (Fig. 1) . Inter-rater reliability of the newly developed classification system is good (K = 0.71) [13] .
The objective of the present study was to commence evaluation of the predictive ability of the classification system, initially focusing on the PNS group. We hypothesize that the proportion of patients with a favourable response to treatment will be greater in the PNS group than the other diagnostic groups.
Materials and methods

Participants
Participants were recruited at a multidisciplinary pain clinic from consecutive patients referred for physiotherapy by medical doctors, who specialized in treatment of musculoskeletal pain disorders in Hamburg, Germany. Patients with LB&LP were informed about the study by administrative staff in the Physiotherapy Department. Those interested in participating were screened for eligibility by one of the research physiotherapists. To be considered for inclusion, volunteers were required to have unilateral LBP and leg pain radiating below the gluteal fold for more than 6 weeks duration and a minimum pain intensity of three on the 11-point numerical rating scale. Patients were excluded if they were \18 or [75 years of age or fulfilled any of the following criteria: (1) history of lower quadrant surgery or trauma within the past 6 months, (2) nerve root block within the past 4 weeks, (3) history of neuropathic pathology such as diabetes or polyneuropathies, (3) history of vascular disease in the lower extremities, (4) systemic disease, (5) inflammatory arthropathies, and (6) 
Procedure
Classification, treatment and measurement of outcomes were conducted by eight experienced physiotherapists with postgraduate education in manual therapy. Three physiotherapists were involved in the assessment and treatment of each patient. One physiotherapist examined the patients at entry to the study and determined their classification. A second physiotherapist provided treatment to the patient and a third was responsible for post-treatment examination. To maintain blinding, patient classification was concealed from the treating physiotherapist, the patient and the physiotherapist examining the patient post-treatment.
Classification
Subjects were classified into one of four groups following a standardized examination protocol [13] . In brief, the protocol incorporated the interview version of the LANSS questionnaire [14] to screen for positive symptoms and signs indicative of neuropathic pain with sensory sensitization. The physical examination consisted of a standard neurological examination plus nerve provocation tests including the active flexion test in standing, the straight leg raise test and nerve trunk palpation along the course of the femoral and sciatic nerves. Subjects with a score of 12 or higher on the LANSS scale [14] were classified as NS. When there was no evidence of NS, but at least two negative sensory and/or motor signs such as hypoesthesia, muscle weakness or hyporeflexia were present, categorization of D was made. Of the remaining subjects those with positive nerve provocation tests were classified as PNS. Subjects with no suggestion of neural involvement were classified as M ( Fig. 1 ) [13] .
Intervention
All patients received seven neural mobilisation interventions two times per week that incorporated two passive mobilisation techniques [15] (Fig. 2 [14] . SLR straight leg raise test, PKB prone knee bend test of 1 Hz. Lateral flexion has been shown to increase the size of the intervertebral foramen [16] and is believed to positively influence neural structures [15] . 2. Hip and knee flexion followed by hip and knee extension for 30 s at a frequency of 0.5 Hz (Fig. 2a,  b ). Both procedures were repeated five times and patients were instructed to conduct progressive neural mobilisation home exercises. Nerve excursion of 6-7 mm during hip and knee extension has been demonstrated in early cadaveric studies [17] . Exercises or treatment techniques using these movements may therefore decrease venous congestion and endoneurial pressure [18] .
This approach to treatment is hypothesized to gradually desensitise the overly sensitive peripheral nervous system [15] .
At no point were symptoms provoked. In the event of an exacerbation of symptoms, the treatment programme was discontinued, but patients were encouraged to attend follow-up assessment and to refrain from seeking other forms of treatment until after the final follow-up assessment.
Measurements
The primary outcome for this study was a positive response to treatment, defined as achieving a minimal clinically important change (MCIC) in pain, disability and patient global perceived change. These three domains are considered core criteria for combination to present the results of changes after treatment as a single outcome variable for clinical trials [19] .
Pain intensity was measured using an 11-point numerical rating scale (NRS). A minimal clinically important change (MCIC) on the NRS was defined as a reduction of 2.5 points [20] . Functional disability was measured with the Roland Morris Disability Questionnaire (RMDQ). An improvement of 30% was defined as MCIC for the RMDQ [20] . Overall improvement was measured using the Global Perceived Change Scale (GPC) where patients score their perceived change after the treatment on a 7-point scale ranging from: 1 (completely recovered) to 7 (worse than ever) [20] . A self-reported change of 2 (much improved) or 1 (completely recovered) on the GPC was deemed to be a successful response to treatment [20] .
The patient's gender, age, and duration and location of symptoms were recorded. Potential psychological covariates were measured using the Hospital Anxiety and Depression Scale (HADS) and the Fear Avoidance and Beliefs Questionnaire (FABQ). These questionnaires were self-completed prior to clinical examination.
Data analysis
Data were analysed comparing proportions of positive responders to nerve mobilisation across all classifications using Fishers exact test. Where significant differences in proportions of responders were identified, post hoc pairwise comparisons were conducted with Fishers exact test to specify where differences lay.
In addition, to control for significant baseline differences (p \ 0.1) between groups (Table 1) , main outcome measures were analysed by implementing univariate analysis of covariance (ANCOVA). Dependent variables were GPC and difference scores from pre to post-treatment for NRS and RMDQ. The independent variable was group (four levels). Baseline scores for NRS, RMDQ and HADS-A were entered into the model as covariates and were eliminated if not significant (p [ 0.1). In this way, only statistically significant covariates were selected and controlled for. For significant between group differences, post hoc pair-wise comparisons were performed with the least 
Sample size
The sample size estimates were based on a power of 0.8 and a p value of 0.05 for v 2 analysis. Based on anecdotal experience, we assumed that 30% of subjects would be classified as PNS and that 60% of the PNS group would positively respond to treatment, whereas only 25% in the other groups would respond. Accordingly, 77 patients were needed, including 5% patients lost to follow-up, to test the hypothesis that a greater proportion of patients from the peripheral sensitisation group will improve in response to neural mobilisation.
Results
Subjects
In order to recruit the calculated sample size of 77 subjects, 162 consecutive subjects were screened for eligibility (Fig. 3) . The proportion of patients in each classification was 26% NS, 36% D, 12% PNS and 26% M (Table 1) . Three patients were lost to follow-up, one sought other forms of treatment and two were unable to attend posttreatment measurements.
Groups were comparable in most baseline parameters ( Table 1 ). The PNS group did not differ from any of the other groups in pain, disability, fear avoidance or depression. However, group NS had a significantly higher pain intensity than group D (mean difference MD = 1.2; 95% CI 0.3, 2.1) and M (MD = 1.2; 95% CI 0.2, 2.2), significantly higher disability than group D (RMDQ MD = 3.5; 95% CI 1.0, 5.9) and M (RMDQ MD = 4.1; 95% CI 1.4, 6.7) as well as significantly higher anxiety than group D (HADS-A MD = 3.4; 95% CI 1.1, 5.7) and PNS (HADS-A MD = 4.1; 95% CI 1.1, 7.3) at baseline (Table 1) .
Response following intervention
The proportion of responders was significantly greater in group PNS (56%) than in any of the other three groups (NS 11%, p = 0.02; D 15%, p = 0.026 and M 11%, p = 0.016). There were no differences in response rates between the NS, D and M groups (p [ 0.48) ( Table 2) . A similar pattern was seen when proportions of patients achieving an MCIC for each of the outcomes were considered individually. Fishers exact test revealed significant differences between groups for GPC (p = 0.005) and a strong trend for significance for pain intensity (p = 0.057). However, for functional disability the difference was not statistically significant (p = 0.104) ( Table 2 ). Significant baseline variables initially added to the ANCOVA model were intensity of pain, functional disability and anxiety. As the main effect for anxiety was not significant (p [ 0.1), this covariate was eliminated from the model. After correction for functional disability and intensity of pain at baseline, there were significant differences between groups in pain intensity, disability and GPC (Table 3) . Post hoc pair-wise comparisons with LSD tests revealed that GPC and reduction in functional disability were greater in the PNS group than all of the other groups (p B 0.015). Reduction in the intensity of pain was also greatest in the PNS group (p B 0.02); however, the difference did not achieve significance for the comparison with NS (p = 0.052) (Fig. 4) . For mean reductions, 95% CI, F and p values, please see Table 3 .
Discussion
A greater proportion of subjects with LB&LP classified as PNS responded favourably following a specific neural mobilisation programme. These findings indicate that among patients receiving a specific neural mobilisation programme the new classification system identified a subgroup of patients, PNS, with a more favourable prognosis. Although a single-arm study cannot provide evidence for the prediction of treatment effects, the results appear plausible as response to treatment is consistent with presumed mechanisms of neural mobilisation treatment and presumed pathomechanisms in each of the groups.
Only 15% of patients classified as D had a favourable outcome following neural mobilisation interventions. This is consistent with expectations and the findings of previous studies [21, 22] . Denervation may result from compromise of nerve microcirculation. A minimal stretch of perturbed nerve tissue may add further hypoxia and concomitant nerve damage [23] . It seems therefore reasonable to propose that if a nerve root were compressed, hypoxic and oedematous, using a mobilisation technique implying further tensile stress would have a detrimental effect. Also in chronic cases with long-term damage to the nervous system such as scar formation, endoneurial fibrosis and Wallerian degeneration [24] , it is unlikely that any form of nerve mobilisation will be of benefit. Instead, if a nerve root is acutely compressed and oedematous, interventions (such as traction), aimed at unloading nerve structures to promote resolution of the effects of compression could be helpful [25] .
In group NS only 11% of patients had a favourable outcome following the intervention period. It is not surprising that neural mobilisation treatment alone presumably targeting peripheral mechanisms at the nerve root and surrounding structures seemed ineffective for the majority of patients classified as NS. In this group responsible Table 2 Proportion of subjects from each group that attain the minimal clinically important change (MCIC) in each and all three of the outcome measures mechanisms are likely to be multiple and located at a number of sites, possibly requiring a combination of different drugs acting through different targets for adequate management [26] . In Group M the pain experienced by patients was likely to have been referred from a variety of musculoskeletal structures. Therefore, as a group, they would not be expected to respond to specific neural mobilisation. In the present study, only 11% of patients in group M were responders. These patients would potentially benefit from a treatment-based classification system [9] to select the most appropriate management targeting distinct symptomatic structures.
Moderate to low level evidence from clinical trials and case studies indicates that neural mobilisation has beneficial effects in patients with evidence of PNS in the lumbar spine [27] [28] [29] and in the cervical spine [30] [31] [32] [33] . Patients included in these studies were comparable to the subjects in the present study: all had radiating pain in the extremities and positive nerve provocation tests in the absence of neurological deficits. However, treatment effects found in two controlled trials were low [27, 30] . Also, a recent systematic review [34] of the therapeutic efficacy of neural mobilisation for a variety of conditions concludes that there is limited evidence to support its use. One reason for low treatment effects and inconsistent results could be heterogeneity in patient samples. For example, in none of the above-mentioned studies screening for signs and symptoms indicative of neuropathic pain mechanisms was carried out. As physical treatment modalities are unlikely to have a beneficial effect in patients with neuropathic pain (which present a substantial proportion in patients with LBP [1] ), a diluted estimate of treatment effects is likely. By classifying patients in defined, pathomechanism-based categories, homogenous samples of patients with a higher likelihood of positive response to neural mobilisation could be achieved. The use of the classification system [12] could therefore lead to more consistent results in future trials and could help to improve effectiveness of neural mobilisation interventions in clinical practice.
However, several limitations of the present study should be pointed out. First of all, the lack of a control group precludes conclusions being drawn regarding the effect of treatment. Other factors, such as a possible greater rate of natural recovery in group PNS, could have contributed to the more favourable response. Also, the sample size in each of the groups was relatively small; consequently, the power to detect statistically significant baseline differences (Table 1) was low. Furthermore, a high percentage ([50%) of patients were not eligible for inclusion (Fig. 3) limiting the external validity of the results to patients fulfilling the inclusion and exclusion criteria. As subjects were recruited at a multidisciplinary pain clinic, generalizability of the results to a primary care setting may be compromised. Additionally, the lack of long-term follow-up limits the prognostic ability of the classification system to a confined period of time immediately after the treatment period. This study demonstrated that a clinical classification system can differentiate a group of patients with a more favourable outcome following an intervention targeting PNS, that is evidence as a prognostic factor for that subgroup alone. Further research is needed to provide prognostic evidence also for the other subgroups. Ultimately, an RCT should be conducted to establish predictive validity of the classification system. For this it is critical to have appropriate selection criteria so that a reproducibly homogenous group of subjects likely to respond can be recruited. Our study provides evidence for such selection criteria as well as information on response rates and proportions of subjects in each of the groups. Such information is necessary to conduct power calculations for future trials. The present study is a starting point for the evolvement and refinement of the classification system for LB&LP, as other classification systems have evolved as well [35] . After providing evidence for feasibility, reliability and plausibility [12, 13] , content and construct validity of the classification system still need to be demonstrated. 
